2 9 ABSTRACT 10 We predicted that demographic differences in Washington, DC's population would influence people's 11 knowledge and perceptions about the interconnectedness of natural resources, climate change, 12 economics, and socio-cultural well-being, so we conducted surveys over three years to test that 13 prediction. We collected demographic data from 455 participants and asked them 26 14 questions/statements related to natural resources, climate change, economics, and health. We selected 15 education as the focal demographic category and participants were categorized based on their level of 16 educational attainment: 1) completion of high school or less (hereafter "high school"); 2) some trade 17 school or university education beyond high school up to and including completion of a trade school, 18 two-, or four-year degree (hereafter "post-high school"); and 3) completion of a Master's, professional, 19 or doctoral degree (hereafter "advanced education"). Answers to 14 of the 26 survey questions were 20 dissimilar across educational groups. People with advanced education reported the highest connection 21 with the natural community and were more likely to report that their personal welfare depended on the 22 natural community. Participants in the high school group were more likely to believe that humans do 23 not have much influence on natural resources and placed more trust in technology and human 24 achievements to control nature and ensure that earth will not become unlivable. Compared to those 25 with education beyond high school, those with a high school education were more likely to express an 26 interest in local environmental concerns over global, jobs over natural resources, and effects of 27 degraded local natural resources on income, health, and the environment instead of on cultural/social 28 practices, neighborhood aesthetics, and recreation. The results suggest ways in which educational 29 information and engagement in environmental issues should be targeted for stakeholders of different 30 educational background in order to increase knowledge and build effective partnerships that find 31 solutions for environmental problems. 42 environmental, and related economic, social, and cultural, problems may be more challenging if the 43 general public is under-or uneducated about the problems [10-12]. 44 Cities can have a profound influence on natural resources and pollution within a region as well 45 as globally, which in turn can negatively affect human well-being [13-15]. Therefore, effective solutions 46 for sustainably using natural resources, curtailing climate change, and improving the lives of people 47 must consider the role that cities can play [8, 16-17]. Some city governments have been more proactive 48 than others in addressing environmental problems and the well-being of the city's inhabitants. For 49 example, London (UK) and Beijing (China) have made efforts to electrify transportation, including public 50 buses and taxis, in order to improve air quality [18] and Portland, Oregon is considered one of the most 51 advanced cities in the USA for climate planning because they have been conducting work on mitigation 52 since the 1990s [19]. Characteristics of proactive cities include a political culture that embraces 53 mitigation, a general public that has an awareness of environmental problems and advocates that their 54 political leaders act, and local experts that engage with government agencies [19]. 4 55 Washington, DC is the capital of the USA and its District government has plans for sustainability, 56 improving air quality, adapting to climate change, reducing the government's carbon footprint, and 57 protecting wildlife and watersheds [20-21]. The District government also commissioned a study on the 58 linkage between urban heat islands and poor health [22]. These plans and studies may indicate that 59 Washington, DC has the characteristics of a proactive city because they seek to identify and mitigate 60 environmental problems and the associated impacts on people. However, little is known about 61 environmental knowledge and perceptions of residents in the Washington, DC area. Globally, 62 environmental knowledge and action are often correlated with demographic characteristics, such as 63 education, age, gender, and place of residence[23-26], and participation in group organizations [12]. 64 Washington, DC has an extremely diverse population, there are large disparities among the 65 population in education, employment, income, health, and overall well-being [27], and distribution of 66 natural, manmade, and financial resources is unequal [21, 28]. Washington, DC is divided into eight 67 Wards, and people who live in eastern and eastern-central Wards typically have fewer resources, less 68 education, higher unemployment, lower income, and a higher rate of poor health indicators, such as 69 obesity, diabetes, heart disease, and a shorter lifespan, than those in western and western-central 70 Wards [27]. The population is also largely African American in the east and becomes predominantly 71 Caucasian in the west. We predicted that demographic differences in Wards throughout Washington, DC 72 would influence people's knowledge and perceptions about the interconnectedness of natural 73 resources, climate change, economics, and socio-cultural well-being, so we conducted surveys over 74 three years to test that prediction. Understanding what people know and perceive, and which 75 demographic characteristics may influence knowledge and perceptions, is key to designing effective 76 educational programs, engaging in collective conversations, and building effective partnerships that find 77 solutions for environmental problems and benefit the community. 78 5 79 METHODS 80 The survey included five demographic questions (i.e., age, education, ethnicity, gender, and place of 81 primary residence), and 26 open-ended, close-ended, and Likert scale questions/statements (hereafter 82 "questions") to assess knowledge and perceptions of the participants (Table 1, 2, 3). Some questions 83 were duplicated or adapted from the connectedness-to-nature-scale [29]. We also included a question 84 about whether the District government was spending the appropriate amount on health, workforce 85 development, education, protecting natural resources, developing natural resources, law enforcement, 86 and drug rehabilitation to see what people thought about spending for natural resources compared to 87 other priority areas (Table 3). We loaded the survey into the iSurvey app (Harvest Your Data, Wellington, 88 New Zealand) and trained undergraduate students in our classes at the University of the District of 89 Columbia to conduct face-to-face interviews during each fall semester from 2016-2018. We canvassed 90 11 neighborhoods in Washington, DC's eight Wards and solicited participants at transit stations, 91 businesses, libraries, homes, and along sidewalks. Participants were adults (≥ 18 years old) and were 92 selected because of their presence in the area only and without regard to any demographic category. In 93 total, 455 completed surveys were collected. A survey was considered complete once a participant was 94 read the final question, but it was not mandatory for the participants to answer every question.
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Only 14% of the world's population lived in cities in 1900, but now over 50% live in cities and this 34 percentage is expected to reach 66% by 2050 [1] . The United States of America (USA) has an even higher 35 urban population than the world average: over 80% live in urban areas [2] . The urbanization of the 36 human population is happening simultaneously with worsening local and global environmental 37 problems, such as overexploitation and degradation of natural resources [3] [4] , population declines and 38 extinctions of other species [5] [6] , and climate change [7] . These environmental problems are 39 interrelated in often complex ways and have the potential to influence neighborhood aesthetics and a 40 person's economic well-being, health, cultural and social practices, and recreation [8] [9] . Whereas 41 environmental knowledge does not necessarily lead people to take pro-environmental actions, tackling variables (P > 0.05). Participants were categorized into one of three groups based on their level of educational 104 attainment: 1) completion of high school or less (hereafter "high school") (n = 177); 2) some trade 105 school or university education beyond high school up to and including completion of a trade school, 106 two-, or four-year degree (hereafter "post-high school") (219); and 3) completion of a Master's, 107 professional, or doctoral degree (hereafter "advanced education") (n = 59).
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There were four open-ended questions that probed participants' perceptions of natural 109 resources (Table 1) . We coded answers to each open-ended question in order to reduce all responses to 110 a limited number of categories. These response categories were analyzed using χ 2 contingency tests to 111 determine whether the responses differed among educational groups. Answers to the question "Can 112 you describe what natural resources are?" were coded to fit into four categories: natural resources, 113 creation, recycling, and none (Table 1) . When the participant gave an example of a natural resource, 114 such as air, water, trees, land, this indicated that they understood what natural resources are and their 115 response was coded as "natural resources." Participants' answers that included terms such as God or 116 biblical phrases were coded as "creation." Answers that indicated a reuse or recycling of materials for 117 financial gain were coded as "recycling." Finally, responses that indicated that the participants were 118 unable to answer the question were coded as "no." Answers to the questions "What do you consider to 119 be the most important natural resource?" and "Which natural resources has been threatened the most 120 in your neighborhood?" were coded to fit into eight categories: air, water, soil, trees, land, energy/fossil 121 fuels, multiple resources, and other (Table 1 ). Participants' answers that included oil, fossil fuel, coal, 122 and gas were coded as "energy/fossil fuels." Participants' answers that included more than one natural 123 resource were coded as "multiple resources." The "other" category includes natural resources that were 124 infrequently mentioned, such as food, and resources that were not natural, such as education and transportation. Answers to the question "Can you describe what climate change is to you?" were coded 
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Participants across the three educational groups answered 14 questions dissimilarly (see Tables 1 and 2   140 for data supporting the results in this paragraph). Over 84% of participants in the post-high school and 141 advanced education groups were able to describe natural resources, whereas fewer than 67% of 142 participants in the high school group were able to do so. Participants in the high school group were 143 more likely to discuss recycling of materials for financial gain when asked to describe natural resources. to somewhat or strongly agree that technological advances will ensure that we do not make the earth 158 unlivable (48.6% of the high school group versus 28.8-31.5% of other participants). Those with a post-159 high school or high school education were more likely to strongly agree that humans are severely 160 abusing the environment than those with an advanced education, but 84.8% of those with an advanced 161 education selected that they somewhat or strongly agreed with this question compared to 72.9-80.4% 162 of other participants. Participants in the high school group were more likely to somewhat or strongly 163 agree that local environmental concerns are more important than global concerns (43% versus 23.7-164 28.8% of participants with post-high school and advanced education). Participants with a post-high 165 school or high school education were more likely than those with an advanced education to strongly 166 agree that earth has plenty of natural resources if we just learn how to develop them. Those in the high 167 school group were also more likely than other participants to strongly agree that humans will eventually 168 learn enough about how nature works to be able to control it and to somewhat or strongly agree that 169 there is there is too much worry about natural resources and not enough about jobs. Those with an 170 advanced education were over twice as likely to be a member of a community organization or faith-171 based group than all other participants. recreation (see Table 2 for data supporting the results in this paragraph). More than two-thirds of 175 participants with an advanced education selected that local degraded natural resources negatively 176 impacted all of these except income. Income was selected by fewer than a third of participants with an 177 advanced education. Those in the post-high school group felt less strongly than those in the advanced 178 education group that degraded natural resources had an impact on these categories; however, more 179 than half still thought that local degraded natural resources negatively impacted health, environment, 180 neighborhood aesthetics, and recreation. Participants in the high school group felt less strongly than all 181 other participants that local degraded natural resources impact these categories, except for income.
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More than half of these participants said that degraded natural resources negatively impacted income.
183
Health and the environment were the other two categories where more than half of those in the high 184 school group said that local degraded natural resources had a negative impact.
185
Participants across all educational groups answered 12 questions similarly (see Tables 1 and 2   186 for data supporting the results in this paragraph). All participants most frequently mentioned water as 187 the most important natural resource and the one most threatened in their neighborhood, followed by 188 air. Participants were more likely to agree that they had a strong knowledge of natural resources than 189 disagree, but the most common answer was "neutral." Participants frequently selected "neutral" to the 190 statement that natural resources in their neighborhood cannot support more people, with participants 191 with advanced education somewhat disagreeing with this statement and all others somewhat agreeing. week) or almost daily, although those that belong to a faith-based or community organization said their 202 organization was outdoors infrequently (once per week).
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Participants were also in agreement about spending by Washington, DC's government and most 204 frequently thought the government was spending "too little" on each of the seven priority areas (Table   205 3). All participants were especially likely to say that District government spends too little on education 206 (>60% of participants). Those in the high school group were also especially likely to say that too little 207 was spent on health (62.1% of participants unknown, but could be due to shared experiences, such as lived experiences and exposure to these 220 issues through education and the media, and/or shared values. In fact, nationally in the USA there has 221 been an increased awareness and concern about at least one major environmental issue: climate change 223 and friends, regularly exposed to it in the media, and reporting that they feel the effects of climate 224 change and are harmed by them [30] . The participants in the national survey also expressed worry 225 about extreme weather events, especially those pertaining to water, such as flooding, drought, and 226 shortages [30] . Some of the similarities among participants in our survey in Washington, DC may be part 227 of the shifting attitudes and knowledge happening on a national scale. Additionally, the "biospheric 228 (concern for environment)" and "altruistic (concern for others and intrinsic value)" value orientations 
